The individual
The individual here described (no. 7) belongs to an adult female. The skull is metopic. Sex determination was made based on the morphology of the skull (Ferembach et al., 1980) and the morphometric analysis of the long bones (Wasterlain, 2000) and hip-bone (Murail et al., 2005) . Age of death was assessed as +40 years, based on the degree of closure of the cranial sutures (Masset, 1982) and the appearance of the auricular surface of the ilium (Lovejoy et al., 1985) . The stature was estimated in 155.45 ± 3.53cm (Olivier et al., 1978) . The individual was buried in an extended position with her head resting to the left and the upper limbs crossed with the hands over the chest.
State of preservation
The skeleton no. 7 was in a relatively fair condition despite its fragmentary state.
The skull, which constitutes one of the pathologically most interesting parts of this specimen, was broken in several pieces and was restored. The restored skull comprises: most of the occipital bone, the almost complete parietal and temporal bones, both bilaterally; a small part of the left greater wing of the sphenoid; the almost complete Most of the available post-cranial bones are incomplete and fragmentary, especially the joint surfaces. The long bones are the best preserved elements. The distal extremities of the lower limb could not be recovered from the field since construction of 20th century water conduit has removed both the tibiae and foot bones.
Pathological profile
Incipient vertebral osteoarthritis was registered in the thoracic and lumbar column.
Laminal spurs were recorded in the thoracic vertebrae. Pathological fractures were not found.
All the teeth have been lost during life except the upper canines, which were lost post-mortem. Additionally, a lytic lesion under remodelling is present in relation to the upper right incisors, which have been lost ante-mortem. The alveolar process was already very retracted and atrophic, suggesting that teeth loss occurred a long time prior to death.
Description of the condition
Several lesions with variable sizes and an irregular shape are apparent in the skull, scapula, clavicles, ribs, sacrum, right innominate, right humerus and both femurs. Some of these lesions are lytic in nature, particularly in the skull, but there are also multiple areas of osteoblastic lesions distributed throughout the post-cranial skeleton. The vertebrae that are present in this specimen show no evidence of significant pathological change, with the exception of the above mentioned degenerative changes. The absence F o r P e e r R e v i e w 6 of pathological lesions is also true to the sternum, radius, ulna, hand bones and the patallae. As already mentioned, lower limb bones distal to the knees could not be recovered from the field. Details of the lesions observed are presented, according to their locations, in the next sections.
Skull
Seven defects are apparent in the skull macroscopically. The lesions are asymmetrically distributed and have eroded both tables of the skull but not always to an equal extent. The largest area of destruction, measuring 42 x 30 millimetres diameter (all measurements were taken at the greatest diameter of the perforations), affected the frontal bone above the right orbit (Figures 1a,b) . Although in this case the outer table of the skull has been more severely eroded than the inner one, occasionally the lesion perforates both tables. Three relatively smaller lytic, but not perforating, lesions are also located on the frontal (two on the left and one on the right side) (Figures 1a,c) . Two lesions are located on the right parietal, the largest of which (circa 15 x 21 mm), partly taphonomic, but mainly ante-mortem, completely perforated the bone. Finally, another lytic lesion is located on the occipital bone (10 mm diameter) ( Figure 1d ). All defects have an irregular outline, with a denticulated edge, formed by external lamina (and sometimes by both external and internal lamina) were dissolved away by the pathological process. In some places, it is apparent that the process was larger in the diploic layer which consists of exposed trabecular bone. This is particularly evident in the largest lesion of the frontal bone. The cortical margins of each of the lytic lesions display some tiny pitting.
The mandible does not show any pathological involvement. 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w   7 The radiographs of the cranium reveal three more lytic lesions than those which are macroscopically visible (Figures 2a,b) . The lesions are associated with some decrease in bone density and all present cloudy indistinct margins.
Scapulae
The post-mortem destruction of both scapulae made the palaeopathological analysis of bone lesions difficult. However, one fragment of the right scapula displays a layer of new bone deposition (30 x 16 mm) close to the lateral border (from a dorsal view). On the left scapula, a less conspicuous bone deposition was visible in the acromial process.
Clavicles
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Sacrum
The sacrum shows a lytic lesion in the S4-5 segments, with a greater extent on the ventral (15 x 11 mm) than on the dorsal (11 mm diameter) side. This lesion was minimally enlarged by post-mortem damage.
Hip bones
On the posterior side of the right ilium, an osteolytic focus penetrated the spongy layer (6 mm diameter) near the greater sciatic notch (Figure 6a,b) . Tiny pitting is visible around the margins of the lesion. On a fragment of the right pubis, another lytic lesion, measuring 9 x 6 millimetres, is found (Figure 6c ). Once again, the surrounding surface shows pitting and discrete patches of new bone deposition. In the radiograph of the right hip bone (Figure 7 ), both lesions described macroscopically can be detected. The foci are associated with some decrease in bone density. The edges are ill-defined, not "punched-out". Other changes are seen, but these are possibly due to taphonomic effects. The left hip bone does not exhibit pathological alterations.
Humerus
The right humerus is in a relatively good condition despite the distal end is broken post-mortem (Figure 8 ). In the proximal diaphysis, on the anteromedial side, cortical bone is perforated by an oval focus (15 x 10 mm diameter, although slightly enlarged by post-mortem damage), leading into the medullar cavity. There are several layers of new bone deposition lining this lytic lesion. In the radiograph of the right humerus ( Figure   9 ), besides the macroscopically described lesion, two further suspicious ill-defined areas of lucidity can be detected in the upper quarter of the shaft, neither of which can be explained by surface phenomena or damage.
The left humerus do not exhibit pathological alterations.
Femurs
There is evidence of external new bone growth on both femurs. In the right femur, a relatively large osteoblastic lesion (59 x 21 mm) is situated on the dorsomedial side of the midshaft (Figures 10a,b) .
Radiographic examination of the right femur reveals areas of increased density at the midshaft level (Figure 11 ).
In the distal shaft of the left femur, on the posterior side, there is a rather large deposition (35 x 20 mm) of remodelled coarse subperiosteal bone, with spicules of bone throughout the abnormal area (Figures 12a,b) . Proximally to this conspicuous lesion, small deposits of woven bone are visible. In the radiograph of the left femur (Figure 
Discussion
The distribution and patterning of the pathological changes here described make metastatic carcinoma the most likely disease affecting skeleton no. 7. However, differential diagnosis against other conditions that mimic metastatic carcinoma, namely Langerhans cell histiocytosis (granulomatosis) and multiple myeloma is necessary.
Langerhans cell histiocytosis (granulomatosis or Histiocytosis X)
Langerhans cell histiocytosis (originally described as histiocytosis X by Lichtenstein, 1953 ) is a systemic inflammatory response of unknown aetiology characterised by malignant histiocytic and dendritic cell proliferation with resulting pathological granular formation (Ortner, 2003c; Marks and Hamilton, 2007) . Within the general designation Langerhans cell histiocytosis there are three distinct clinical manifestations: eosinophilic granuloma, Hand-Schüller-Christian disease, and LettererSiwe disease (Ortner, 2003c; Resnick and Kransdorf, 2005b; Marks and Hamilton, 2007) . Although the clinical courses of these syndromes are distinct, transitions have been observed and the skeletal lesions are quite similar, both radiologically and histologically. Their distribution may, however, be somewhat different (Ortner, 2003c) .
Eosinophilic granuloma represents 70% of the total number of cases of Langerhans cell histiocytosis. It affects predominantly children, adolescents, or young adults, and occasionally older persons (Ortner, 2003c; Resnick and Kransdorf, 2005b) . Lesions of the vertebral bodies often lead to collapse, creating the appearance of flattened vertebral body, termed vertebra plana, a finding that is more common in children than in adults (Ortner, 2003c; Resnick and Kransdorf, 2005b) .
The radiographic manifestations of eosinophilic granuloma vary with its skeletal location. In long bones, the lesions appear as relatively well defined radiolucent areas, particularly in the medullary cavity. As the lesions grow, they encroach on the cortical bone, with endosteal erosion of the cortex and periosteal new bone formation. In the cranial vault, unequal involvement of the tables of the skull gives the margins of the (Resnick and Kransdorf, 2005b) . In the mandible, osteolytic lesions can surround the teeth, creating the appearance of "floating teeth" in radiographs (Ortner, 2003c; Resnick and Kransdorf, 2005b) . In the pelvis, the lytic lesions may be particularly well defined, with or without surrounding sclerosis (Resnick and Kransdorf, 2005b ).
Hand-Schüller-Christian disease can occur in adolescents and young adults, but affects most frequently boys aged 2-5 years old (approximately 2/3 of patients are younger than 5 years) (Aufderheide and Rodríguez-Martín, 1998; Ortner, 2003c; Resnick and Kransdorf, 2005b ). The prognosis is variable but can be unfavourable due to the involvement of the brain, pituitary, lungs, or heart. In some cases, spontaneous resolution may occur. It is the most variable of the three syndromes and is characterized by large, multiple, confluent bone lesions that often occur sequentially over several years. In the skull, which is involved in more than 90% of patients, the lesions are usually devoid of periosteal reactive bone, even after destruction of both tables, although marginal sclerosis of a lytic focus may occur (Ortner, 2003c) .
The radiographic manifestations of individual lesions are similar to those of eosinophilic granuloma. In the skull, confluent areas of destruction may isolate islands of bone. In the mandible, radiolucent lesions around the teeth may lead to loss of supporting bone, giving a "floating teeth" appearance (Resnick and Kransdorf, 2005b) .
Letterer-Siwe disease is a relatively acute syndrome that is most frequent in infants and children younger than 3 years, although occasional cases were described in late childhood or young adulthood (Ortner, 2003c; Resnick and Kransdorf, 2005b) . It involves most organs and tissues of the body, and frequently takes an acute course that (Ortner, 2003c; Resnick and Kransdorf, 2005b) . Single or multiple areas of bone destruction are observed, particularly in the calvaria, base of the skull, and mandible. Occasionally, more diffuse skeletal involvement is found, although the hands and feet are usually spared (Resnick and Kransdorf, 2005b) . Histologically and radiographically, the bone lesions simulate those in eosinophilic granuloma. Osteolytic lesions are relatively well defined and lack significant surrounding bony eburnation (Resnick and Kransdorf, 2005b) .
Since Hand-Letterer-Siwe disease and Schuller-Christian disease occur in the young, they are not considered as possible diagnosis in this case. Regarding eosinophilic granuloma, despite being more compatible with the usual life span, the morphology and radiological appearances are distinct from those presented here.
Therefore, the three conditions in the category of Langerhans cell histiocytosis were discarded.
Multiple myeloma
Myeloma is a highly malignant, fatal disorder of plasma cells that usually arises in hematopoietic bone marrow. Although it may begin as a single site (solitary plasmacytoma), most frequently moves on quickly to multiple myeloma, or myelomatosis (Rothschild et al., 1998; Ortner, 2003c; Roberts and Manchester, 2005) .
Its aetiology is unknown but some suggest an abnormality in chromosome 14 (Aufderheide and Rodríguez-Martín, 1998) . Multiple myeloma is the most common primary malignant bone tumour today (Gregg et al., 1982) . It is rarely found in people below the age of 40 years. In fact, 90% of cases are found in individuals between the ages of 50 and 60 years (Roberts and Manchester, 2005) . Approximately two-thirds of (Aufderheide and Rodríguez-Martín, 1998) . The multiple lesions probably arise as independent developments in a systematized neoplastic bone marrow disease, rather than as secondary deposits from a single primary source (Roberts and Manchester, 2005) . In decreasing frequency, the following bones are primarily involved: vertebrae, ribs, skull, pelvis, sternum, femur, and humerus. The vertebrae are considered the classic localization of multiple myeloma, the sequence for the other localizations varying with each sample (Alt and Adler, 1992) . The lesions are sharply defined holes, varying from 0.5 to 2 cm in size, though adjacent lesions may coalesce to produce occasional larger ones. Initially they are scattered throughout trabecular bone, becoming most easily visualized radiologically in the flat bones, especially the skull, where both tables may be penetrated. In late stages, the lesions may be so abundant as to have a moth-eaten appearance on the skull X-rays, and long bone metaphyses may be affected (Aufderheide and Rodríguez-Martín, 1998).
The non-specific lesions in multiple myeloma may cause confusion with an osteolytic metastasis from the breast or the thyroid for example (Rothschild et al., 1998; Ortner, 2003b) . Multiple myeloma's small rounded/spheroid lesions have sharply localized, discrete edges, surrounded by smooth, unpitted bone, whereas metastases tend to be larger and with more 'ragged' margins (Brothwell, 2008) . Sometimes, lesions are described as "being punched out", as if they might have been made by a paperpunch (Morse et al., 1974) . Although multiple myeloma can cause osteoblastic response it does not compare with the extent of proliferation seen in osteoplastic metastases from carcinoma (De La Rúa et al., 1995) . Besides, according to Strouhal (1991a) , lesions of multiple myeloma very commonly involve the mandible, acromion, glenoid and olecranon, scapula, clavicle, radius and ulna, are more widely distributed, and affect The large, non-spheroid-shaped, and variable sizes of the lytic cranial lesions here presented, their diffuse radiographic perimeter, the pattern of distribution of the postcranial lesions and also the extent of osteoblastic response did not correspond to the features typical of multiplex myeloma. This diagnosis was therefore excluded.
Metastatic carcinoma
Metastatic carcinomas primarily develop on the epithelial tissue (Ortner, 2003b).
Due to their invasive nature, they are characterised by an uncontrolled proliferation of tumour cells whose dissemination through blood flow, lymphatic nodes and/or cerebrospinal fluid can produce secondary neoplasm focus in other physiological systems, namely the skeleton (Steinbock, 1976; Aufderheide and Rodríguez-Martín, 1998; Ortner, 2003b; Resnick and Kransdorf, 2005a) . In fact, bone tissue is one of the most preferred sites for the development of tumour metastasis after lungs and liver (Coleman, 1997; Mundy, 1997; Käkönen and Mundy, 2003) . Although it is still not fully understood why certain malignant tumours demonstrate a predilection for bone metastases, the rich vascular network of the skeletal system, particularly the investing vertebral venous plexuses that bathe bone marrow, is probably a strong contributing factor (Marks and Hamilton, 2007) . More rarely some primary soft-tissue neoplasms may manifest themselves in bone by virtue of their local bone invasion or by producing enzymes with an ability to resorb system bone (Rosenthal, 1997; Roberts and Manchester, 2005; Schultz et al., 2007) . But it must be remembered that death may occur before spread of the cancer to the bones. This would be particularly true for (Capasso, 2005) . Other possible reason is that the past socio-hygienic conditions would not allow a lifespan long enough to permit the full development of tumours (Ricci et al., 1994; Weiss, 2000) . Additionally, not all cancers have the same tendency to spread to bone. Cancers of the prostate, breast, thyroid gland, kidney, lung, pancreas, testis, bladder and uterus are most likely to produce bone metastases (Waldron, 1996; Coleman, 1997; Mundy, 1997; Rosenthal, 1997; Roberts and Manchester, 2005) . These metastases do not tend to be uniformly distributed throughout the skeleton. Although the sites vary between distinct neoplasms, the spine and sacrum, the proximal femoral epiphysis and metaphyses, sternum, ribs, skull, pelvis and proximal humerus are probably the most commonly affected as a consequence of their hematopoietic function as marrow reservoirs (Steinbock, 1976; Waldron, 1996; Mundy, 1997; Aufderheide and Rodríguez-Martín, 1998; Ortner, 2003b; Resnick and Kransdorf, 2005a; Roberts and Manchester, 2005) . Skeletal metastases distal to the elbows and knees are apparently rare and do not occur in the fibulae (Steinbock, 1976; Waldron, 1996; Smith, 2002; Ortner, 2003b; Resnick and Kransdorf, 2005a) , although cancer of the lung can sometimes present with foot involvement (Marks and Hamilton, 2007) . Typically, metastatic tumours affect more than one bone, while solitary lesions on single bones are more characteristic of renal or thyroid carcinomas (Ortner, 2003b) .
The tumour cells destroy the marrow, followed by destruction of bone, and sometimes formation (Roberts and Manchester, 2005) . In fact, of metastatic tumours to bone 75% are osteolytic, 15% are osteoblastic, and 10% are mixed osteolytic and (Ortner, 2003b) . Bone destruction is usually the result of cancer of the lung, breast, gastrointestinal tract, thyroid gland and kidney, while bone-forming lesions are caused by prostate cancer in males and cancer of the breast, uterus and ovary in females.
Mixed lesions are most common in carcinoma of the lung and breast (Coleman, 1997; Aufderheide and Rodríguez-Martín, 1998; Ortner, 2003b; Resnick and Kransdorf, 2005a ).
The lytic cranial lesions associated with metastatic carcinoma are among the most conspicuous pathological alterations seen in archaeological samples. The lesions are typically multiple, variably sized with a likely scalloped or denticulated, even slightly elevated perimeter (Waldron, 1987; Strouhal, 1991a; Marks and Hamilton, 2007) . The area of transition between the osteoclastic process and normal bone is characterized by pitting (Smith, 2002) . Radiographically, this commonly appears as a discrete radiolucency surrounded by a cloudy or 'moth-eaten' perimeter (Strouhal, 1991a) . As metastases may not always be visible on direct inspection, it is likely that more are found when X-rays are performed (Waldron, 1997) .
Osteoblastic lesions in dry bone may present as excrescent coarse fibre bone or speculated overgrowth. Radiographically, the new bone deposits are presented as opacities or 'blotchy' densities. There is, however, considerable diagnostic overlap with osteomyelitis or periostitis (Smith, 2002) .
Bone metastases are particularly frequent in individuals above 40 (Melikian, 2006) , and according to Strouhal (1991a) , can be expected to occur more commonly in females, especially due to longer lasting breast cancer, which did not threaten life in past populations as much as cancers of vital organs. (Coleman, 1997; Mundy, 1997) .
It also signifies that the malignant process is no longer curable and, even nowadays, only palliative therapy is available (Mundy, 1997).
The present case exhibited many of the morphological and radiographic features of a metastatic carcinoma. The multifocal character of the lesions (their large number, varying dimensions, asymmetrical shape, rough edges, the mixed nature of the osseous response, and the anatomical distribution of the lesions, which spared the distal parts of the extremities from the elbows) permits a diagnosis. Radiographs of the cranium, right humerus, left femur, and one right rib, reveal more lytic lesions than those which are macroscopically visible. In the long bones (right humerus and left femur), the occult lesions are located in the shaft, close to the metaphyseal regions. The rich supply of haematogenous tissue of these anatomical areas may have influenced the development of these new metastatic foci in progress at death, not visible under macroscopic analysis. Almost all lesions are associated with some decrease in bone density and all present cloudy indistinct margins. The only exception is the X-ray of the right femur, which reveals areas of increased density at the midshaft level. According to the palaeopathological literature, periosteal reaction as well as radiographically evident thickening of the long bones at midshaft such as that seen on the right femur of individual no. 7 is consequential to the carcinomatous process (Smith, 2002; Ortner, 2003b) . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (Marcsik et al., 2002; Smith, 2002) .
Although, it is frequently impossible to determine the source of the primary tumour, the age and female sex of the individual as well as the mixed nature of the osseous response favour a carcinoma with a probable location in the breast. In fact, the breast is the most common site of origin for metastases affecting the skeleton in modern women. Other carcinomas (e.g. lung cancer, carcinoma of the colon and rectum) also readily metastize to bone, produce lytic or mixed osteolytic-osteosclerotic lesions, and cannot be excluded. However, breast tumours are believed to have been more frequent than lung cancer in the past (Melikian, 2006) . Even nowadays, patients with disseminated breast carcinoma may live longer and are more likely to develop bone metastases than individuals with lung cancer who have a much shorter life expectancy (Käkönen and Mundy, 2003) .
Conclusions
We are quite sensitive to the fact that differential diagnosis in osteological materials is limited due to the absence of clinical diagnostic attributes (Ortner, 2003a).
We are also aware of the importance of performing a histological analysis of the lesions to give a more confident diagnosis. While differential diagnosis of primary neoplasm is not always problematic, there is a great deal of difficulty in differentiating between secondary tumours sometimes caused by rather different agents (e.g. multiple myeloma versus osteolytic metastases) (De La Rúa et al., 1995) . Even so, the multiple non- 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 In view of the scarcity with which cancer metastases, particularly those with both lytic and blastic components, have been diagnosed in archaeological specimens in general, and considering the temporal and regional differences emerging in the frequencies of malignant tumours (Strouhal, 2000) , it is important to report all new cases which are discovered. As pointed out by several authors (Strouhal, 1991b; Marks and Hamilton, 2007) , accurate identification of all examples of cancer in antiquity represents an important contribution to paleopathology in light of the increasing clinical, epidemiological and demographic importance of this disease today. Certain types of cancer that are thought to be characteristic of our own times and frequently described as being due to our western civilization are also found in ancient populations (Schultz et al., 2007) . Recently, a first case of malignant carcinoma was described in non-identified Portuguese human skeletal remains (Assis and Codinha, 2009 ).
Therefore, the present case adds to the only archaeological case description available for metastatic carcinoma in Portugal. Figure 7 : Radiography of the fragmented right hip bone (a) and tuber ischiadicum (b) of the individual no.7 from Praça do Comércio (Coimbra, Portugal). All lesions described macroscopically can be detected. The foci are associated with some decrease in bone density and their edges are illdefined. Other changes are seen, but these are possibly due to taphonomic effects. 40x35mm (300 x 300 DPI) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w Figure 9 : Radiograph of the right humerus of the individual no.7 from Praça do Comércio (Coimbra, Portugal). Besides the macroscopically described lesion, two further suspicious ill-defined areas of lucidity can be detected in the upper quarter of the shaft, neither of which can be explained by surface phenomena or damage. 99x22mm (300 x 300 DPI) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
